Many chemicals which have been demonstrated to be mutagenic in a variety of organisms are either present in our environment or are used -for human consumption.
Many chemicals which have been demonstrated to be mutagenic in a variety of organisms are either present in our environment or are used -for human consumption. A variety of techniques have been developed for the detection of chemical mutagens. Some of these techniques have recently been reviewed and compiled (1) . The important question, from the viewpoint of using these testing systems as a guide to human responsiveness, is one concerning the relevance of the results obtained from such tests to the actual or potential mutagenic hazard to man. We know too little to provide simple answers to the question, but a screening system utilizing the metabolism of potential mutagens or carcinogens by intact animals appears to be the most direct means of obtaining results that are as relevant as possible to man.
Fischer first developed a cell culture system for detection of mutagens using mouse leukemic L5178Y cells; this system was later combined with the metabolic capability of the animal host in the development of a host-mediated assay system in 1969 (2) . This system seems to be very useful for detecting potential mutagens in man since it detects mutagenic effects of compounds in mammalian cells. producing with high cloning efficiency. The assay system was developed to detect the induction of forward point mutations as opposed to back mutations. The forward mutation system permits the detection of mutations at many genetic loci simultaneously, whereas the back mutation system usually permits the detection of mutations at only one genetic locus. In forward mutagenesis, the induced mutants can be of many different types revealing various point mutations. The backmutation system is designed to detect a specific type of mutation (3) . This combined with the well known fact that mutagenic specificity exists indicates that the forward mutation assay seems to be more suited as an initial screening test for potential mutagens. Various genetic markers are available for simultaneouo detection of mutations at many different genetic loci in L5178Y cells and the biochemical consequences of the mutations have been e licidated in previous works (4) (5) (6) .
Before any particular test system is used in the screening of a large number of chemicals for mutagenicity, it is important to determine whether the test system will in fact be effective in detecting a variety of known mutagens. The results would not only characterize the testing system for its sensitivity and specificity toward the various types of mutagens but also establish the optimum conditions and limitations of mutagenicity testing. As a part of our study on cancer therapeutic agents, we have examined a number of these agents for their mutagenic activity using the host-mediated assay system. Some of the results obtained in response to these drugs and certain known mutagens are presented here, and some of the problems connected with mutagenicity testing are also discussed.
In this study, we have chosen markers which confer resistance to three selective agents (thymidine, cytosine arabinoside, and methotrexate). Many different mutants with varying degrees of resistance comprise each type of mutant. Therefore, the mutant frequency (MF) changes with levels of selective! agents employed. AKD2F1 hybrid mice weighing about 20 g each are used for this assay. In all the experiments presented here mic,e were inoculated intraperitoneally with 106f cells. Three days later drugs under investigation were administered by subcutaneous injection. Although a single dose was given by subcutaneous route in experiments discussed here, one advantage of this system is that by using lower inoculum of target cell it is possible to administer test substances daily by various routes for as long as two weeks. The drug dosages employed in this study were all nontoxic to the target cells in order to exclude the possibility of selection in favor of mutants. Three days after drug treatment the cells were recovered and mutLant frequencies were determined using the soft-agar cloning method (7). Total cell nunriber from each mouse was always determined in order to insure that the drug doses used were not toxic to the target cells. Optimum expression time for maximum mutant; recovery was 2-3 days. Figures 1 and 2 and Tables 1-3 system. This system responded to at least one frameshift mutagen, hyeanthone (Table 2 ) (8). We do not as yet know if this system responds only to certain types of frameshift mutagens. Proflavin, quinacrine, and ethidium bromide gave negative responses. Before any significance concerning mutagenicity of a compound is discussed, especially of those which showed negative responses, it must be considered that all experi- Table 4 . Results obtained from all the reconstruction experiments were entirely consistent with our previous interpretation that the increased number of mutants in the treated samples was induced by the mutagen. However, as seen in Table 4 , for all the mutants tested there was an appreciable selection against mutants by the host animal, although their degree of selection was variable. This observation is somewhat surprising, because the in vivo growth rate of the mutants was similar to that of the sensitive cells when tested separately. One possible explanation is that sensitive cells affect the reproduction of mutant cells in culture and in mice. Although this host selective force hinders the quantitative measurement of mutagenesis in the host-mediated system, this-is still-e useEnvironmental Health-Perspectives ful system for the rapid screening of large numbers of potential mutagens and carcinogens. Positive controls such as EMS and BUdR have been used to estimate relative intensity of mutagenic compounds.
A great deal of additional information has been obtained from our mutant studies which was helpful to validate some important assumptions made for the host-mediated mutagenesis test system. This information includes: (1) the reproduction of mutant lines in the peritoneal cavity of mice has been found to be reproduceable and similar to the parent line; (2) various mutants obtained directly from the host grow in culture at a similar rate to sensitive cells (some mutants, however, grow a little slowly in the presence of the corresponding selective agents); (3) cloning efficiencies of mutants in the soft-agar method are similar to sensitive cells; and (4) recovery of mutants by the soft-agar method is unaffected by the presence of sensitive cells.
The most important assumption made in our system is that the phenotypic change to resistancy is caused by gene mutation. There are views which contradict this assumption (9). However, many biochemical studies of L5178Y mutants and other somatic mammalian culture cells, and studies of hybrid strains produced by fusing cells together with drug resistance are consistent with the interpretation that the phenotypic shifts are of genetic origin. One area for future improvement in the host-mediated L5178Y cell system would be the isolation of more sensitive sublines to mutagens, preferably repair enzyme-deficient mutants. This would not only improve sensitivity of the assay system, but would also provide valuable information on repair systems in mammalian cells. We are making an effort in this direction.
